The purpose of this study is to evaluate whether the use of an activity monitor providing feedback has an effect on physical activity (PA) in young men. A population-based sample of 276 conscription-aged (mean = 17.9, SD = 0.7 years) men participated in a 3-month randomized controlled trial in Oulu in 2012. Participants were randomized to an intervention group (INT, N = 137) and a control group (CON, N = 139). INT received a wrist-worn monitor (Polar Active) showing daily activity, and CON received identical monitors without feedback. Main outcome was the change from baseline in objectively measured weekly time spent in moderate-to-vigorous PA (MVPA) and sedentary activity (SED), as assessed by generalized estimation equations (GEE). Other lifestyle factors were assessed by a questionnaire at baseline and at 3 months. Weekly physical activity data (≥4 days with ≥8 h each) were obtained from 72 (53%) and 90 (65%) men in the INT and CON, respectively. Based on GEE, time spent in MVPA increased (p = 0.012) and SED decreased (p = 0.032) in the INT compared with the CON. During the first 7 weeks, the INT spent on average 1 h less sedentary than the CON (t-test, p b 0.05). During the first week, the INT showed 12 minutes more MVPA compared to the CON (t-test, p = 0.034). Based on questionnaire data, the proportion of the most sedentary men decreased in the INT (Wilcoxon test, 28% vs. 10%, p = 0.029), with no change in the CON (20% vs. 19%, p = 0.546). To conclude, a wrist-worn activity monitor providing feedback had a short-term positive effect on PA and SED in young men.
Introduction
Evidence for the role of physical activity (PA) on health and wellbeing has increased recently. PA is positively associated with decreased risk of all-cause mortality and several diseases, and it has been estimated that physical inactivity causes 9% of premature mortality (Lee et al., 2012) . Even relatively small increases in overall daily PA have been suggested to be associated with health benefits (Wen et al., 2011) . In addition, light PA, such as standing and slow walking, has been shown to have positive effects on health (Carson et al., 2013; Levine, 2007) .
According to the current PA recommendations, young people under the age of 18 years should accumulate at least 60 min of moderate-tovigorous PA (MVPA) daily (World Health Organization, 2010) . A majority of young people does not meet these recommendations (Ekelund et al., 2011; Hallal et al., 2012) , and after the age of 12 a marked decline in PA seems to occur, especially in Finland where 50% of all primary school children (7-12 years) reach the PA recommendations (Ministry of Social Affairs and Health, Finland, 2013; Telama and Yang, 2000) . At the lower secondary level (13-16 years) the proportion was 17% and among the 16-to 19-year-olds 9% only (Ministry of Social Affairs and Health, Finland, 2013) .
Sedentary behavior has been suggested to have an independent effect on health irrespective of the amount of PA (Matthews et al., 2012a; Santos et al., 2014; Sisson et al., 2009 ). In the United States the most sedentary age group was shown to be 16-19 years, spending approximately 60% of their waking hours sitting (Matthews et al., 2008) .
It is known that self-reports overestimate the amount of PA and underestimate light activity and sitting (Shephard, 2003; Slootmaker et al., 2009) . However self-reports give valuable information concerning the type and context of PA behavior which has been shown to be associated with self-perceived health, especially among active young men (Piko, 2000) . A positive association has also been found between selfperceived health and self-perceived fitness (Lamb, 1992) .
Previous studies among adults and young people suggest that the self-monitoring of PA with a self-report or pedometer is associated with improved awareness and increase in PA (Bravata et al., 2007; Conroy et al., 2011; Lubans et al., 2009) . In addition to feedback of activity, goal setting appears to be an important component of PA interventions (Bravata et al., 2007; Conroy et al., 2011; Lubans et al., 2009) . Wearable accelerometer-based activity monitors provide the intensity, frequency, and duration of PA (Matthews et al., 2012b; Trost et al., 2005) , but activity monitors can also be used as a motivation method toward a more active lifestyle. Some previous interventions among adults have used accelerometers with feedback to motivate participants and to assess their compliance with program goals (Fitzsimons et al., 2013; Godino et al., 2013) . However, to our knowledge, there are no studies on the independent role of continuous feedback provided by accelerometers in PA behavior among young men. This is a pilot study of a larger multidisciplinary MOPO study (Ahola et al., 2013) . MOPO study aims to promote the health and well-being of young men by motivating them to adopt a more active lifestyle through a novel activation method that includes feedback on PA. The aim of the current study is to evaluate whether the use of a wrist-worn PA monitor providing feedback of activity has an effect on PA and sedentary time in a population-based sample of young men. Our hypothesis is that PA monitoring with feedback of activity increases PA in young men.
Material and methods

Design
The study design is a 3-month, parallel group randomized controlled trial in which young men were allocated (allocation ratio 1:1) to receive either no intervention (control group) or objectively measured, continuous feedback on their PA. The primary outcome measure was change in time spent in intensities of MVPA and sedentary activity.
Subjects
The participants were recruited at the annual military call-ups in the city of Oulu in September 2012. In Finland, the call-ups are mandatory for all men the year they reach the age of 18 years. All 1262 young men participating in the call-ups were invited to the study to go through physical performance measurements and fill in a health and lifestyle questionnaire. Finally, 778 men were measured, and 856 filled in the questionnaire, after which all volunteers (N = 276, mean age 17.9, SD 0.7 years) were recruited for a 3-month, randomized controlled physical activity trial.
At the call-ups, the subjects were provided written and oral information about the study, and a written consent was obtained. The study was compiled in accordance to the Declaration of Helsinki. A statement in favor of the study was received from the local Ethics Committee.
Intervention
The participants were randomized to an intervention (n = 137) and a control (n = 139) group. Randomization was performed after recruitment and it was conducted by an assistant who was involved neither in the trial nor in the data collection and analysis. A list of computergenerated random numbers in blocks of 10 was used. Each participant received sequentially the next random assignment in the list. The subjects in the intervention group were given a wrist-worn watch-style PA monitor (Polar Active, Polar Electro, Finland) by default displaying the accumulated daily MVPA time. The time spent on different PA levels, steps, and calories for each day were also available for the user. The control group subjects continued their normal life and they were given otherwise similar but blinded devices providing only the time of day. The trial began immediately after the military call-ups without set routine.
Experimental
Objective measurement of physical activity PA and sedentary behavior were objectively measured by Polar Active which is a waterproof uniaxial accelerometer with a 21-day memory. The participants in both groups were advised to wear the device on the non-dominating wrist at least for all waking hours and to provide data to the research database through Polar FlowLink® (Polar Electro) at least every 3 weeks. Using sex, age, weight, and height as input, Polar Active calculates the acceleration signals to metabolic equivalents (MET) with the epoch length of 30 s and provides time spent in five activity levels (1-2 MET, 2-3.5 MET, 3.5-5 MET, 5-8 MET, and N8 MET). Polar Active has been shown to correlate (R 2 = 0.74) with the doubly labeled water technique while assessing energy expenditure (EE) over a 7-day military training period (Kinnunen et al., 2012) . A high correlation (r = 0.987, p b 0.001) has also been obtained between EE obtained with Polar Active prototype and indirect calorimetry during a 9.7-km hike (Brugniaux et al., 2010) . At least four valid days out of seven were required to be included in the analysis for each week. A valid day consisted of at least 8 h of monitoring. Weekly averages starting from the next day when the monitor was given (7-day averages) were calculated for time spent in MVPA (N 3.5 MET), light PA (2-3.5 MET), and sedentary behaviors (1-2 MET) for both groups.
Physical performance measurements
At the baseline and at the end of the trial, physical performance was measured. Because of the tight call-up day schedule set by the Finnish Defence Forces and the large study population, a convenient but reliable set of measurements was chosen.
Height was measured with a ruler and waist circumference was measured midway between the lowest rib and the iliac crest with an accuracy of 0.5 cm. Body composition (body mass index, fat free mass, body fat percentage) and weight were assessed by bioelectrical impedance assessment using InBody720 (Biospace Co., Ltd., Seoul, Korea). Bilateral maximal isometric grip strength was measured with a dynamometer (SAEHAN Corporation, Korea) (Bohannon, 2012) . The subject was standing legs apart and elbow at a 90°angle and was advised to grip the instrument with maximum strength. The best result of two attempts per hand was recorded. The mean value of both hands was used. Polar Fitness Test (Polar Electro, Finland) was used to evaluate aerobic fitness (Väinämö et al., 1996) . The test was conducted using FT80 heart rate monitor (Polar Electro, Finland) with the subject resting for 5 min. The test predicts maximal oxygen uptake (ml/kg/min) based on resting heart rate, heart rate variability, gender, age, height, body weight, and self-estimated PA level. Polar Fitness Test has been compared with ergospirometry for measuring aerobic fitness with high correlation (0.96) and high accuracy (mean error 6.5%) (Väinämö et al., 1996) . In addition, the method has been shown to associate with both selfperceived fitness and self-reported PA in a large population study (Borodulin et al., 2004 (Borodulin et al., , 2005 .
Questionnaire
At the baseline and at the end of the trial, the participants also filled in a questionnaire inquiring about their health and lifestyle. Daily sitting time in hours while studying, working, transporting, watching TV, reading, computing, etc., was asked separately for leisure time and school or working hours. The total time spent sitting was used in the analysis, excluding values exceeding 24 h. For the self-estimated PA, the participants were asked to select the option that best described their PA level: low (no regular PA, occasional walking, b 0.5 h/week), middle (regular recreational PA or moderate occupational PA, 0.5-2 h/week), high (regular heavy physical exercise, 2-4 h/week), or top (heavy physical exercise at least 5 times a week, N4 h/week) (Borodulin et al., 2004) . Self-perceived physical fitness was assessed by asking "How would you estimate your fitness in comparison with your peers?" The response options were: much worse, slightly worse, similar, slightly better, and much better. Self-perceived health was assessed as: poor, pretty poor, average, pretty good, and good.
Statistical analysis
The results were analyzed with statistics software (SPSS 19 for Windows, SPSS Inc., Chicago, Illinois). A p value below 0.05 was considered statistically significant. The generalized estimation equation (GEE) method was used for primary outcome and standard statistical methods for secondary analyses.
The differences at baseline between the intervention and control groups as well as the study participants and nonparticipants were analyzed using an independent samples t-test for continuous variables and chi-squared test for the categorical variables. A paired samples t-test was used for continuous normally distributed variables (tested for normality with the Kolmogorov-Smirnov test) to compare means within the groups at baseline and after the 3-month trial. The Wilcoxon test was used for continuous but not normally distributed and categorical variables. An independent samples t-test and the Mann-Whitney test were used to analyze the statistical significance of the differences in changes from baseline between the intervention and control groups.
The differences in the changes between the groups during the trial in the weekly average activity were analyzed using multiple linear regression analyses with GEE (Liang and Zeger, 1986) . The GEE method is used to estimate the parameters of a generalized linear model with a possible unknown correlation between outcomes (e.g., repeated measurements). GEE analysis deals with the correlations through a working correlation matrix, which was selected to be unstructured. Compared with other methods (e.g., the multivariate analysis of variance), GEE analysis can provide a robust estimate of parameters' standard errors, even when the correlation structure is not specified correctly. In addition, the method is not that sensitive with the missing values and it can be used regardless of the type of the dependent variable (Ghisletta and Spini, 2004 ). An independent-samples t-test was used to compare the weekly averages between the two groups to see in more detail where the possible differences occur.
Results
A total of 102 (74%) participants in the intervention group and 107 (77%) in the control group completed the study (Fig. 1) . Sixty seven participants (24%) did not participate in the final measurements and were excluded from the final analysis.
The intervention and control groups were similar at baseline in regard to anthropometrics, fitness, self-reported PA and sitting, health, smoking, and alcohol consumption ( Table 1) . The trial participants differed slightly from those conscription-aged men who went through the fitness measurements (n = 502) and filled in the questionnaire (n = 580) during the call-ups but did not take part in the 3-month trial. The nonparticipants were thinner (− 2.4 kg, 95% CI: − 0.3 kg to − 4.6 kg), less active (24.4% vs. 28.1% had less than 0.5 h of selfreported PA a week, p = 0.02), consumed more alcohol (6.9% vs. 14.4% consumed alcohol at least once a week, p = 0.032), and evaluated their physical fitness and health worse (16.1% vs. 22.2% evaluated fitness to be slightly or much worse than the others, p = 0.027; 2.7% vs. 5.8% evaluated health to be pretty poor or poor, p = 0.005).
Objectively measured activity data meeting the analysis criteria were obtained from 72 (53%) and 90 (65%) participants of the intervention and control groups, respectively. The total number of valid days was 6132 (87% of all the downloaded data), while the average number of days per person was 33 in the intervention group and 42 in the control group. The average usage time per day was 13.7 and 14.0 h, respectively. Six participants from the intervention group and 10 from the control group did not provide any valid week of data, and they were excluded. During the trial the average time spent in MVPA was 63 min for the intervention group and 61 min for the control group. The average sedentary times were 9.6 and 10.5 h, respectively. Based on the GEE analysis, MVPA increased (p = 0.012) and sedentary time decreased (p = 0.032) in the intervention group compared with the control group over time (Fig. 2 and Fig. 3A) . The difference between the groups in sedentary time remained longer than the difference in MVPA. On the first week, the intervention group showed on average 12 minutes more MVPA compared to controls (t-test, p = 0.034, Fig. 2 ). During the first 7 weeks, the participants in the intervention group spent on average 1 hour less in sedentary activities than the control group (Fig. 3A) . There was no difference in the amount of light PA between the groups either by analyzing with the GEE approach (p = 0.688) or by comparing the weekly averages (Fig. 3B) .
Self-reported PA (p = 0.029) and fitness (p = 0.012) improved within the intervention group, and the differences in changes between the groups from baseline were statistically significant (p = 0.030 and p = 0.012, respectively) ( Table 2 ). The proportion of those participants who spent less than 0.5 h per week in PA decreased from 27.6% to 10.2% in the intervention group. The self-reported daily sitting time decreased from 9.9 to 8.6 h (p = 0.008) in the intervention group, while the change in the control group was from 9.9 to 8.9 h (p = 0.059). There was no difference in the change in measured fitness between the groups. In both groups mean body fat and grip strength increased, the increment of body fat being slightly higher in the intervention group compared to the control group (mean difference 0.6%, 95% CI: 0.0% to 1.2%, p = 0.041). Fat-free mass decreased in both groups (Table 2) .
Discussion
In this study, the use of a wrist-worn physical activity (PA) monitor providing feedback of activity had a short-term positive effect on measured daily PA and sedentary time in a representative sample of young men aged 18 years. A positive change was also found in self-reported PA behavior. This is one of the first intervention studies conducted among young men in which objective measurement of PA with continuous feedback has been used with the intention to change PA behavior. Previously, in a 3-month trial among adolescents aged 13-17 years, the participants of the intervention group were given accelerometers showing feedback as activity scores (Slootmaker et al., 2010) . Among the boys, sedentary time was reduced in the intervention group compared with the control group. The difference in sedentary time between groups (30 h/week) was statistically significant at follow-up after 8 months (Slootmaker et al., 2010) . The results support the findings of the current study. However, in contrast to the present study, the participants were relatively inactive adolescents, and the intervention effect was evaluated by selfreport only (Slootmaker et al., 2010) .
The finding of the present study that the use of activity monitor with feedback had a positive effect on PA behavior is in line with the results of previous studies concerning the effect of self-monitoring on PA. A systematic review found that the use of pedometers increased PA by 2,500 steps per day in adults (Bravata et al., 2007) . Similar results have been observed among children and adolescents. It seems that, especially among adolescents, individuals who are less active at the baseline are activated more in pedometer-based interventions (Lubans et al., 2009 ). The same effect was revealed in the present study in selfreported PA. The proportion of the most inactive men (b0.5 h/week) decreased by 17% in the intervention group during the trial.
The study participants in both groups met the PA recommendation by achieving approximately 60 minutes of MVPA per day. The proportion is higher than in previous national studies (Ministry of Social Affairs and Health, Finland, 2013) . This may be partly explained by the used measurement method. There are challenges when using a wristworn monitor in the measurement of daily PA behavior based on EE (Rosenberger et al., 2013; Hildebrand et al., 2014) . For example, during sedentary behavior wrist movements may exist without any changes in total EE (Rosenberger et al., 2013) . In our study the individuals interested in joining the trial were slightly more active than those who only filled in the questionnaire, which may have affected the MVPA values.
In the intervention group, the positive change in objectively measured sedentary behavior remained longer than the change in MVPA. The result is reasonable while considering that people are sitting for most of their waking hours. The change found in sedentary time is an important finding since sedentary behavior may have an independent impact on health. Spending more than 4 h per day in leisure time sitting is associated with a higher risk of metabolic syndrome, high blood pressure, and low high-density lipoprotein cholesterol level in men (Sisson et al., 2009) . Overall, in our study, the average sedentary time of 10 h corresponds well with the earlier finding that adolescents spend 60% of their waking hours sitting (Matthews et al., 2008 ). In the current study, self-perceived fitness improved in the intervention group compared with the control group. However, there was no difference in the changes in measured physical fitness. The intervention was not targeted at increasing muscle fitness and may have been too short to reveal changes in measured fitness even if there had been a change in lifestyle. Negative impacts on body fat and fat-free mass may have been influenced by the time of the year. During the trial, autumn turned into cold winter, which might affect PA level and nutritional habits (Tucker and Gilliland, 2007) . The increment in grip strength could be partly due to learning effect.
In respect to compliance adolescents and young adults are challenging age-groups (Matthews et al., 2012b; Lee et al., 2013; Troiano et al., 2014) . It has been stated that the younger the participant, the lower the compliance (Lee et al., 2013 ). In the current study, the compliance to provide accelerometer data was 53%, which corresponds with a previous study (Slootmaker et al., 2010) . The number of subjects with valid data decreased by almost half until the end of the trial compared with the first week. The compliance could be better with a more advanced download of the activity data (i.e., support for all operating systems). It is likely that some participants used the accelerometer but did not download the data to the database. To increase compliance, a wristworn monitor was used because of its user-friendliness (Troiano et al., 2014) . The activity data acquired to the database covered the waking hours well, the average usage time being 13.9 h per day.
The main strengths of this study were the sample size and population-based, randomized, controlled design. The study participants were similar to those conscription-aged men who went through the physical measurements and filled in the questionnaire during the call-ups but did not participate in the 3-month study. Only small differences were revealed in weight, daily PA, alcohol consumption, and selfperceived physical fitness and health. Other strengths were the longterm and continuous measurement of PA and sedentary time in both groups during the whole study as well as instant feedback of activity to the intervention group. The majority of studies, with a goal to increase PA or decrease sedentary behavior, have used either selfreports, pedometers, or periodic measurements of PA with accelerometers (e.g., 7-day samples at baseline and follow-up) to reveal the possible changes in PA behavior (Conroy et al., 2011; Fitzsimons et al., 2013; Godino et al., 2013; Kirk et al., 2003) .
One limitation in this study is the lack of measured PA before the trial onset. However, there were no differences between the intervention and control groups in PA levels based on self-report at baseline. Moreover, missing activity data may have had some effect on the repeated measures analyses. Due to incomplete data our results may be biased so that physically more active men provided more complete data. However, there was no difference in baseline self-reported physical activity, sitting time, and fitness between those individuals who provided activity data and those who did not. Additionally, because the trial was launched at the military call-ups, some other factors may have motivated young men to increase their daily PA, such as the follow-up performance measurements or the upcoming military service. However, these were similar for both groups and no bias was introduced.
Conclusion
In this study, the use of a wrist-worn physical activity monitor providing feedback had a short-term positive effect on objectively measured daily physical activity and sedentary time in a representative sample of young men aged 18 years. A positive change was also found in self-reported physical activity behavior and self-perceived fitness level. Future research in other target populations is needed.
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